PAIN in the shoulder may result from lesions of a gross nature, such as fractures, dislocations, tuberculosis, bone tumours, and infective arthritis, and may also be due to conditions of the cervical spine, the neck, the apex of the lung and pleura, and obstruction of the cervico-axillary outlet. As well as this, pain may be felt in the shoulder from visceral disturbance, notably from heart and gallbladder disease. When these abnormalities are excluded there still remains a welldefined group of conditions of the shoulder in which there is limitation or alteration in the range of movement, pain on attempted movement, sometimes muscular wasting, and usually no radiographic evidence of abnormality.
elevation of the arm at the shoulder is a peripheral pattern controlled centrally, in which the brain does not dictate the action of any one muscle by itself, but does dictate the action of all the muscles acting together, albeit, each with differing power at a precise and critical phase of movement. From this it follows that the only way, in shoulder lesions, to gain full movement is to practise movement of the shoulder. It is obviously useless to attempt static contraction of any one muscle or even to encourage such static contraction by the use of the faradic current. Only by total movement can recovery of function, in lesions of the shoulder joint, be effected.
SHOULDER CAPSULE In the adult the capsule of the shoulder joint is fused with the overlying deep muscles, whereas in infants it is separated from the deep muscles by areolar tissue, the tendons being short and the muscle fibres extending to within a few millimetres of their humeral attachment. With increasing age the tendons become longer, and in old age the supraspinatus tendon may extend as far proximally as the suprascapular notch. The degree of adhesion of the tendons to the capsule increases with age, and in older subjects the fusion is complete. These changes are more marked in the upper part of the capsule, so that in adult life the entire supraspinatus tendon and the upper parts of the infra-spinatus and subscapularis tendons are intimately fused with the capsule. This fused portion will be referred to hereafter as the musculo-tendinous cuff. The frequency with which rupture of this cuff is found at post-mortem examination was first emphasized by Codman (1931) . More recently, Grant and Smith (1948) have demonstrated that degenerative changes in the cuff occur in arithmetical progression as age advances. In a large series of dissecting-room specimens, they found degenerative changes in no case up to 40 years; in 25 per cent. of subjects from 40-55 years; and after 75 years fully 50 per cent. showed lesions. It was presumed that many of these lesions were associated either with no symptoms at all or with minor symptoms during life. These degenerative changes ranged from minor superficial fibrillation of the musculo-tendinous cuff to complete rupture of it. On account of the fusion of the deep muscles with the capsule; the natural tendency, as age advances, to degenerative changes; and the special liability of direct injury to the musculotendinous cuff-it is contended that most cases of painful shoulder are due to pathological changes in the upper part of this peculiarly fused capsule.
CLINICAL GROUPS
TIhlree most important lesions of the musculo-tendinous cuff will be considered; first, ruptures of the supraspinatus; secondly, supraspinatus tendinitis; and thirdly, inflammatory lesions of the cuff, that is to say, tendino-capsulitis, or, simply, capsulitis. Dissatisfaction must be expressed with the nomenclature of the painful shoulder. Such terms as peri-arthritis, bursitis, arthritis, rheumatism, neuritis, and pseudo-neuritis are all begging the question of pathology. If the pathology is in the musculo-tendinous cuff of the capsule, then surely the term "capsulitis" or "tendinitis" is sufficient for the majority of cases. The term "bursitis" is condemned. The bursa is the "peritoneum" of the deep muscles of the shoulder and, like the peritoneum, it seldom is the site of primary pathology, although it often shares the pathology of the organs which it protects, namely, the capsule and deep tendons. There is no doubt that bursitis does occur when there is capsulitis or a traumatic lesion of the capsule, but, as a condition by itself, it must be excessively rare. Such terms as "neuritis," "pseudo-neuritis," and "rheumatism" mean nothing-they have been introduced by those impressed by the painful nature of the condition, but without thought of the pathology causing the pain. 1. RUPTURES OF THE SUPRA-SPINATUS (The Useless Arm Syndrome).
The rupture may be complete or incomplete, involving neither the entire width nor depth of the tendon.
The term "supraspinatus" is used here for convenience, but it must be remembered that many of these tears do not confine themselves to the supraspinatus tendon, and extend anteriorly into the upper part of the subscapularis tendon and sometimes posteriorly into the infra-spinatus tendon, i.e., "cuff" ruptures are common findings. The typical case occurs in a man, usually over the age of 40, who, after a fall on the shoulder, or after attempting to lift a heavy weight, experiences sudden diffuse pain over the shoulder with inability to elevate the limb and inability to support the limb in the elevated position when so placed by the examiner. This syndrome is combined, however, with a normal range of passive movement (see fig. I , a-b). Sometimes there is tenderness over the great tuberosity of the humerus. In this type of case the disability is due to loss of the power of fixation of the humeral head in the glenoid by the deep muscles and the deltoid is therefore put at such a disadvantage that, although it is able to contract, as can be felt by the examining hand, it is unable to sustain true shoulder movement. When the arm is placed by the examiner above a right angle, in complete ruptures the inability to sustain the shoulder in this position causes the arm to fall uselessly to the side. This sign has been called by the Americans the "down it will go" sign. In cases of recent rupture the loss of fixator function may be no more than a reflex phenomenon produced by pain, because the infraspinatus and subscapularis, often uninjured and much more important than the supraspinatfus, are also thrown out of action. If this is accepted, it follows that clinically it may be impossible to distinguish between complete and incomplete ruptures. Two methods are of help in distinguishing between these two lesions:-(a) After the injection of a few c.c. of 2 per cent. novocaine into the subdeltoid bursa, restoration of shoulder movement in minor and incomplete ruptures may be effected in a few minutes, but in complete ruptures no change will occur.
(b) Radiography of the shoulder after injecting 6-8 c.c. of Perabrodil 35 per cent. into the subdeltoid bursa can demonstrate whether a communication exists between the bursa and the cavity of the true shoulder joint (Axen, 1941) . Normally these two cavities are completely separated by the upper part of the musculotendinous cuff, but in complete ruptures of this cuff the floor of the bursa and the roof of the joint cavity are opened up with a communication between the two (see fig. II , a-b-Bursograms). It is worthy of note that, in every positive case which I have seen, perabrodil injected into the bursa causes severe pain to the patient, whereas, when no rupture is present and the perabrodil remains entirely in the bursa, the condition of the shoulder is painless.
2. SUPRA-SPINATUS TENDINITIS (The Painful "Arc" Syndrome). Following a fall, or indeed sometimes spontaneously, a painful arc of movement during mid-elevation of the shoulder develops with weakness of the limb, which may be mild or may be so extreme that the patient is unable to elevate the arm against the resistance of two fingers. There is no actual limitation in the range of movement, and full shoulder movement is present. The symptoms are often mild to begin with, so that it may be many months before the patient seeks advice. In the past it has been thought that the disability is due to impingement of an irritated or inflamed supraspinatus tendon against the under-surface of the acromion, but in some cases where excision of the acromion has been carried out for rupture, the typical pain of supraspinatus tendinitis has persisted. So much bone had been removed that acromial pressure could not have been the cause. It may well be that there is another explanation and that not all cases of supraspinatus tendinitis produce pain by mechanical impingement against the acromion. In the myographic studies of the shoulder joint previously referred to, it has been noted that the peak of contraction of the supraspinatus is between 80-120 degrees of elevation. This muscle is contracting most powerfully in that particular phase of elevation, which, in the condition under consideration, is associated with pain. It is possible that active contraction of a supraspinatus tendon, irritable from inflammation or rupture and accentuated by the pull of the infra-spinatus and subscapularis at the focal point of their attachments, may be in itself sufficient to cause the typical pain (see fig. III ).
I do not now believe that this group is a true tendinitis, since, following a series of explorations for this syndrome, I have found about seventy-five per cent. to be due to ruptures of the musculo-tendinous cuff. It would appear, therefore, that the so-called supraspinatus tendinitis syndrome is no more than an expression of spontaneous degeneration or of rupture of the musculo-tendinous cuff. The pull of the subscapularis and infra,spinatus, whilst irritating the degenerated or ruptured cuff at the focal point and causing pain, is sufficient in these cases to fix the humeral head and allow full gleno-humeral movement to occur, even though weakly, against resistance. In many cases the ruptures, often incomplete, may set up those processes of inflammation and repair which are curative and which have led to the operative findings of "tendinitis." Indeed, the fact that spontaneous recovery occurs in a big percentage of cases is sufficient evidence for this belief. This concept of the pathology is borne out clinically, and it is suggested to examine every "frozen shoulder" under amesthesia in order to test the range of movement and to find out whether the limitation is protective or adhesive. It must be stressed that up to the moment there is nothing one can do, during the acute phase, to help the patient recover movement rapidly. It is clear that, in such a tendinous and avascular structure as the shoulder cuff, the repair process will be slow and, therefore, the symptoms of which the patient complains will last for a long time. This is clinically true, as cases of "frozen shoulder" very often have symptoms up to a year or even longer.
CAPSULITIS (The Frozen Shoulder Syndrome
Degeneration or rupture, especially central and incomplete rupture, of the tendinous cuff may be followed by calcium deposition. Such deposits, requiring X-ray examination for their discovery, produce symptoms which are no different from those already described under the "Painful Arc Syndrome" or the "Frozen Shoulder." They were found in only three per cent. of cases in the Royal Victoria Hospital. Their very presence is evidence of degeneration, but sometimes they may set up, by irritation, a repair process sufficient to effect cure, and, at others, may rupture into the subdeltoid bursa with relief to the patient. 117
Biceps tendon degenerations occur usually as part of the general degenerative changes in the shoulder cuff and will not be considered further.
Frequency of the three groups.-Out of one hundred personal cases 12-"Useless Arm Syndrome" 27-"Painful Arc Syndrome" 61-"Frozen Shoulder Syndrome" TREATMENT RUPTURES OF THE SUPRASPINATUS TENDON (Useless Arm Syndrome).
Conservative measures are adopted in the first instance and the arm is put at complete rest with the shoulder abducted to 60 degrees, with about 60 degrees forward flexion, and external rotation about 30 degrees. This can be effected in an abduction splint, but, as these splints are of standard size, it is difficult to apply one closely enough to the arm and chest for the average patient's comfort. It is better to use, in the majority of cases, a thoraco-brachial plaster of paris cast. After a period of fout' weeks the lid of the plaster is removed and, if the patient can elevate the arm from the splint and hold it elevated, then it is considered that healing of the lesion is occurring, or, indeed, has occurred. After removal of the splint, shoulder exercises are practised and encouraged by heat. Where no recovery of elevation has occurred in four weeks, operation is advised. The operation is really an exploration of the upper part of the shoulder and therefore adequate exposure is necessary. This is carried out through a shoulder-strap incision with the patient lying on his good side, and, as a first step, the acromion process is excised. Usually the subdeltoid bursa is opened into at this stage of the operation, but, if not, it is deliberately incised, and the upper part of the musculo-tendinous cuff exposed and explored. The rupture is usually found within a short distance of the attachment of the cuff to the great tubercle of the humerus and only if a rupture is present can the articular surface of the humeral head be seen. In some cases, almost complete avulsion of the whole musculo-tendinous cuff may be found, and in others the rupture is of small degree and usually assumes the appearance of a triangular-shaped or L-shaped rent which may extend for some distance into the substance of the supraspinatus, or may have a longitudinal extension either into the infra-spinatus behind or subscapularis in front. In other cases the rupture is on the humeral side of the cuff only and can only be demonstrated by incising the bursal floor-it usually presents as a "wrinkle" in the bursal floor.
When I started operating on ruptures of the supraspinatus, I always attempted to bring down to the great tubercle, and suture it there, the medial end of the rupture. I was very unimpressed by the end results of such treatment and, indeed, I often felt that the operation had not been worth while, as it either failed to cure the patient, or in some cases actually made the condition worse. After realising, however, that the pull of the subscapularis or the infra-spinatus may cause longitudinal extension of the tear to extend proximally, I contented myself with freshening the edges of the rent and side-to-side suture. The results from this method of repair have been much more encouraging. It should not be forgotten, even though an apparently effective repair has been carried out, that the prognosis in complete traumatic rupture of the supraspinatus still remains far from good. The operative repair often sets up a "frozen shoulder" and it may be twelve months before one knows what the end result is to be. This is practically always true in massive ruptures or avulsions, where the outlook is particularly poor. Indeed, in a fairly recent series of eighteen operations, only in three was a perfect funcftioning shoulder obtained. The rest were unsatisfactory-in five, movement was good, but there was pain and weakness of the shoulder thereafter, whilst in ten the condition was unaltered.
SUPRASPINATUS TENDINITIS (Painful "Arc" Syndrome).
Conservative measures are suggested in the majority of such cases, as there is a tendency, after a period of nine to twelve months, for many of the cases to undergo spontaneous recovery. Operative treatment is therefore only advised for the worst cases and for those in whom conservative measures have failed after a reasonable period of time.
Repeated injections of local anaesthetic into the bursa are sometimes helpful, but never curative. It may well be that this treatment allows the patient to manipulate his own shoulder painlessly, and if a few adhesions are present between the musculo-tendinous cuff and either the acromion or the humeral head, tearing of such adhesions may effect cure. In this group I am not satisfied that physio.-therapy, in any of its forms, has any part to play. In those cases in which operation is called for, the technique adopted is exactly the same in the first instance as has been described for ruptures of the supraspinatus tend6n, viz., excision of the acromion.
In a recent series, in which operations were done, it was found that a minority were due to a localised capsulitis related to the area of the supraspinatus tendon, but the majority of the lesions were actually ruptures, incomplete or complete, many of which were clearly spontaneous ruptures in a thin, attenuated, and obviously degenerated musculo-tendinous cuff. A note of warning should be added: it is sufficient in the group under consideration to be satisfied with acromicectomy and exploration and nothing more where an already degenerated supraspinatus tendon is found with or without a rupture. Indeed, I have made the condition very much worse in several cases by neglecting this rule. Whatever may be the explanation, when the acromion is excised, the end result from such cases of resistant type is reasonably good-the pain disappears rapidly, though, of course, weakness of the shoulder is usually a permanent feature.
CAPSULITIS ("Frozen Shoulder" Syndrome).
It is important to divide these cases into their sub-groups of "'irritative" or "adhesive" lesions, and, as previously pointed out, this is best done by examination under an.sthesia.
(a) In irritative capsulitis, under anasthesia, movement returns passively to normal, whilst in adhesive capsulitis movement is still restricted. In irritative capsulitis treatment is primarily by rest. Some years ago I used the abduction splint, but no evidence has been found that a splint has any advantage over a sling. Indeed, many patients treated in a splint were forced to discard it as it increased their pain. During the acute phase rest is all-important. The patient can be encouraged by the application of heat, but in a not inconsiderable percentage heat seems to irritate and aggravate the symptoms. If complete rest is given to the shoulder, however, the pain gradually settles down, and, as soon as the condition becomes bearable, gentle active exercises for the shoulder are then practised with the pafient at first supine. On the average, return of function can be expected in about three and a half months. If more vigorous measures are adopted, the inflammatory process does not get a chance to settle down and symptoms may persist for many months longer than necessary. The best that can be done in this early phase is not really to "treat" at all, but to encourage with wise words, with analgesics, and with a sling. To treat by physiotherapeutic measures and by manipulation may only increase the symptoms. This suggestion does not lessen the difficulties where "treatment" is expected or demanded by the patient.
During this painful stage, injection of the supra-scapular nerve at the upper border of the scapula has been found, in a proportion of cases, to be of some help. It is not claimed that it could possibly effect any change in the underlying pathology, but it may lessen the pain by blocking the sensory impulses from the shoulder. After the acute irritative phase has settled down there will be, in a certain number of cases (and especially where the inflammation has been severe), replacement fibrosis in the capsule, so that the condition passes gradually into the second sub-division qf "adhesive capsulitis." (b) In adhesive capsulitis patients usually have had their symptoms for many months; indeed, if a painful and stiff shoulder has been present for more than four months the chances are that it is already in the adhesive stage. Under anesthesia no change in shoulder movement occurs and this is the type of case which responds well to manipulation of the shoulder. In this group pain is much less severe and only occurs after attempts at movement. Since lateral rotation of the humerus is necessary for full abduction, the manipulation to be carried out first of all is lateral rotation of the humerus; indeed, in many cases manipulation in this direction only is sufficient to free the shoulder. During manipulation the adhesions can be felt and sometimes heard breaking down. Following manipulation, the arm is supported in a sling and active exercises practised from the beginning. Extreme gentleness in manipulation must be stressed. The "snaps" of a vigorous manipulation may be a ruptured tendon or a fractured neck of the humerus.
A small percentage of cases of capsulitis never recover, and it is presumed that in them the degenerative changes in the musculo-tendinous cuff are of such an extreme degree that reversibility of the pathological process cannot occur. This percentage is small, however, as, in a recent series of my own, it only occurred in three cases out of sixty-one, i.e., about five per cent. In the same series "crepitus" on movements of the shoulder was an almost constant finding, even years after full recovery had occurred. Often the patients were uinaware of it and its significance is hard to assess. l1ifs monumenital work. comnes miiainly from the Jefferson Medical College, Plhiladelphia. It is a book of over eight hundr-ed pages and will find its place in tmiedical literature as a work of reference rather-than a text-book for-students.
The arranigement is very modern, every step in the tr-eatment of any disease is clearly set out in tabulated form and there is nothing vague or indefinite in this book. Some seventy plates give at a glance the clinical picture, oetiology, symptoms, differential diagnosis, nursing care, and treatment. Accessory therapeutics measures all described in complete detail and it is helpful to find measures such as Buerger's Exercises are adequately illustrated and the time spent in each position is clearly indicated.
Proprietory preparations are an important feature of present-day medicines. While many of these remedies are of great merit, it is not always easy for the physician to discriminate between the rival claims of enthusiastic manufacturers. Professor Rehfuss and his colleagues mention all the important British and Amierican proprietaries, and their-assessment of the values of their preparations has every appearance of fairness and wisdom.
The book is probably the most important work on practical therapeutics of this century and is warmly recommended. The English edition, published by Messrs. Bailliere, Tindall & Cox at 82s. 6d., is a credit to this famous firmii.
T. A. K.
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THE PAINFUL SHOULDER Fig. 1 (a) Rupture of the supra-spinatus tcndlon. Shewing the patient's inability to elevate the arm whilst the opposite arm has full movement. , 49, 390; 1944.) 
